Control of bitter rot of apples by Blair, Joseph Cullen
~ " 
! 
UNIVERSITY OF ILLINOIS 
Agricultural Experiment Station 
URBANA, ILLINOIS, JULY, 1907 
CIRCULAR NO. 112. 
- CONTROL OF BITTER ROT OF APPLES 
By J. C. Blair, Chief in Horticulture 
INTRODUCTION 
The Department of Horticulture of the University of Illinois 
has now in the press a bulletin, No. 117,* detailing the results of 
five years' investigations on methods of controlling the bitter rot 
of apple"s. For the benefit of those orchardists who may not have 
the time nor the inclination to follow the details of these experi­
ments as set forth in the bulletin, and for the convenience of the 
press, a brief summary of the results of this work is presented in 
this circular. 
EXPERIMENTS 
The experiment~on methods of controlling bitter rot of apples 
'fere designed to answer the following questions: 
1. Can Bordeaux mixture by proper spraying be made to pro­
tect apples from bitter rot? 
2. What is the best fungicide to be used in combating bitter 
rot? 
3. How many applications of spray are necessary and when 
should they be made? Is early spraying, or treatment before the 
first infection of the disease, more effective in the treatment of 
bitter rot than late spraying, or treatment after bitter rot has 
made its appearance? 
*The Department of Botany has also in press Bulletin No. 118 giving results of botanical in­
vestigations touching the bitter rot of apples. The two bulletins are companion bulletins and 
will be mailed to anyone in the state upon application to the Experiment Station. 
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4. Is treatment of the dormant trees with Oregon Wash and
copper sulphate solutions of any assistance in combating the dis­
ease? 
5. Is salt applied to the ground under the trees a practical
or efficient means of controlling bitter rot?
Various other questions relating to the disease were embodiedin these studies but the problems enumerated above are the ones
chiefly involved in the practical application of the investigations,
and will prove of chief interest to the apple growers of the state.
' These 'experiments were inaugurated in 1901 and were carried
through the various seasons up to and including 1905. Twelve dif­ferent orchards were employed in the course of the work all chosen
within the district most severely attacked by bitter rot, each se­lected as being especially suited to the work in hand, and seven­
teen separate series of experiments were conducted. Expertsfrom the Department of Horticulture were placed in personal
charge of the various orchards to insure complete and accurately
conducted experiments and absolutely reliable records of the
results. Every care was taken to obtain exhaustive and reliableinformation on the best means of combatjng this scourge of the
apple crop in the chief apple growing regions of Illinois, and
as a result of these experiments it is believed that definite recom­
mendations for the treatment of hitter rot can now be offered and
the growers be assured of a means by which, under all ordinary
circumstances of infection, the disease may be largely controlled. 
RESULTS 
In a circular such as this where the results must be stated in
the briefest possible manner, it is of course impossible to refer to
any considerable number of experiments. In the following para­graphs therefore, the answers to the problems already referr~d
to are given somewhat in the form of a summary of the results
obtained in the course of the investigations. 
CAN BORDEAUX MIXTURE BY PROPER SPRAYING BE MADE TO
PROTECT ApPLES FROM BITTER ROT ?," 
Various circumstances such as the variable character of theinfection, and the more or less nearly complete failure of the
crop in some orchards, prevented the obtaining of uniform resultsin every experiment. Nevertheless it wa~ found that certain
treatments involving spraying with standard Bordeaux mixtureprevented ninety percent or more of the damage liable to occurfrom bitter rot, as shown by the infection in the check plats, in a 
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large number of the orchards under test, in every year of the i.n­
vestigations during which experiments under satisfactory condi­
tions could be carried out. In 1902, as much as 91.26% of the 
fruit liable to attack by bitter rot was saved in an orchard at 
Tonti where there was an infection of the disease in the check 
plat amounting to 44.95% of the total crop. In 1903 in an orchard 
near Carbondale trees sprayed only twice for the disease showed 
a saving of 59.85% where 62.97% of all the fruit was infected. 
In 1904 as much as 98.20% was saved in an orchard at Kell where 
20% to 23% of the fruit on the check plats showed infection. In 
1905, 92.14% of the fruit liable to the disease was saved in an or­
chard at Flora where one check plat showed 10.49% of infected 
fruit- and a second 27.78%, and the average of three check plats 
showed an infection of 14.28%. 
In addition to these remarkably successful instances of control 
resulting from certain applications of standard Bordeaux mixture 
it was found that in almost every instance spraying, whether ap­
plied early or late, seldom or frequently, showed some degree of 
control, its effectiveness ranging, according to the manner of ap­
plication and the number of times of application, from 10% to 
90%. Indeed, the experimental work and its results show with 
certainty that bitter rot is controllable and is no more to be 
dreaded than apple scab and codling moth, if the proper spray­
ing materials are properly used at the proper time. 
WHAT IS THE BEST FUNGICIDE TO USE IN COMBATING 
BITTER ROT? 
In addition to the standard Bordeaux mixture the following 
fungicides were used: soluble Bordeaux mixture, dust Bordeaux 
mixture, pure copper sulphate solutions of various strengths, and 
Oregon Wash. Copper carbonate was used in one series of experi­
ments in 1901 but the results of that particular series of experi­
ments proved inconclusive and its use was abandoned in the later 
investigations. Some representive results of the use of the vari­
ous fungicides are given in the following discussion and compar­
isons are drawn showing the efficiency of each. 
Soluble Bordeaux mixture: Soluble Bordeaux mixture is a pre­
paration made by combining copper sulphate and sucrate or sugar 
of lime. The copper hydroxide, which in standard Bordeaux mix­
ture remains undissolved, goes into complete solution in soluble 
Bordeaux mixture. Details of the preparation of soluble Bor­
deaux mixture are given in the bulletin on bitter rot already referr~ 
ed to. * 
* University of Illinois Agri~ultural Experiment Station Bulletin No. 117. J. C. Blair. 
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Soluble Bordeaux mixture was used in but 'one,instance being
applied to Plat II in an orchard at Flora in 1905. It resulted in
a saving of 78.06 % of the fruit liable to bitter rot infection as com­pared with a saving of 68.42% in one plat similarly treated with
standard Bordeaux mixture, and of 81.00% in a secon~ plat treat­
ed with standard Bordeaux mixture. Its efficiency in this test ap­
peared to be equal to that of the standard Bordeaux mixture pre­pared in the usual manner, but the greater expense of preparing
soluble Bordeaux mixture and the limited character of the tests
make it unadvisable to recommend the preparation for the treat­
ment of bitter rot. 
Dust Bordeaux mixture: The investigations with dust Bor­deaux mixture for the treatment of bitter rot were not extensive,
the treatment for this particular purpose being given only oncein an orchard at Clay City in 1905, but the results of the experi­
ment were marked and conclusive. Plat No. XIII in the John
Blackledge orchard at Clay City was sprayed three times early for
apple scab and codling moth with dust Bordeaux-Paris green mix­
ture and again three times at intervals of ten days commencing
ten days after the third spraying for apple scab and codling moth,
and compared with a plat immediately adjoining it which was
sprayed the same number of times and on the same dates with
standard liquid Bordeaux-Paris green mixture. The dust spray­
ed plat showed an infection of 52.79% of the entire crop as com­paredwith 27.03% for the liquid sprayed plat beside it and 37.58% for
a check plat not treated at all during the whole season which waslocated on the other side of it. Not only, therefore, was the con­
trol exerted by the liquid Bordeaux mixture greater than that of
the dust Bordeaux mixture but from the fact that the dust spray­
ed plat had clearly a higher infection of bitter rot than had the un­
treated plat, it becomes all the more evident that dust Bordeaux­Paris green was wholly inefficient in checking the disease and
reducing the destructiveness of the bitter rot fungus.
Pure copper sulphate solutions: Pure copper SUlphate solutions
applied to the fruit were tried in varying strengths during two sea­
sons. In 1904 two plats in the Kell orchard were sprayed late inJuly with pure solutions of copper sulphate. In the first, where
eight ounces of the salt were used to fifty gallons of water, there
was an infection amounting to 26.95 % of the entire crop, or about5% more than appeared in the untreated or check plats. In the
second plat, where ten ounces of copper sulphate to fifty gallons
of water were used, there was an infection of 18.46% or a gain
over the check plats of about 3%. In comparison with these re­
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suIts three different plats variously treated with Bordeaux mix­
ture showed a saving over the check plats of from 94.59%to 98. 
20 % or almost perfect control of the disease. In the following 
year, 1905, Plat IX in the orchard at Clay City was sprayed with 
a solution consisting of three pounds of copper sulphate to fifty gal­
lons of water. 12.83 % of the fruit in this plat was lost by bitter rot 
as compared with less than 10.00% in the corresponding check 
plats in the same orchard. All the evidence obtained is against 
the use of pure copper sulphate solutions as preventives of bitter 
rot, and when to the ineffectiveness of this fungicide in controll­
ing the disease is added the fact that it damaged the foliage of a 
number of the trees to which it was applied, it becomes clearly 
apparent that pure solutions of copper sulphate are not only use­
less as a remedy for bitter rot but are also a menace to the trees. 
The ineffectiveness of solutions of copper sulphate when ap­
lied to the dormant wood will be treated in the paragraph on 
results of experiments on winter treatment for bitter rot. 
Oregon Wash: . This was applied as a fungicide to dormant 
wood only and the results of its use are given in the section deal­
ing with results of the experiments on winter treatment for bitter 
rot. 
Standard liquid BO'rdeaux mix ture: Liquid Bordeaux mixture 
made up in the proportions of four POUIfds of copper sulphate, 
four pounds lime, and fifty gallons of water was the fungicide 
used in the great majority of the tests. To the mixture were, 
commonly added four ounces of Paris green 'as an insecticide, but 
this material was not expected to act in conjunction with the Bor­
deaux mixture as a preventive of bitter rot. In regard to the ef­
ficiencyof Bordeaux mixture as a fungicide to be used in spray­
ing for-bitter rot it is sufficient to say that all the most successful 
results were obtained by its use. Bordeaux mixture prepared 
in the ordinary way according to the 4-4-50 formula is 
pre-eminently the material to be used in spraying for bitter rot 
of the apple. 
How MANY APPLICATIONS OF SPRAY ARE NECESSARY AND 'WHEN 
SHOULD THEY BE MADE? 
Early or spring spraying for apple scab and codling moth 
may under certain favorable but exceptional conditions, exert 
some influence in controlling bitter rot. The experiments per­
formed in the John Blackledge orchard at Clay City in 1905 indi­
cated a possible saving in the plats sprayed three times early in 
the season for apple scab and codling moth of 69.48 % over plats 
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w h i c h  r e c e i v e d  n o  e a r l y  t r e a t m e n t .  S o  c o m p l e t e  a  s a v i n g  i s  
l l l o s t  u n u s u a l  a n d  w a s  p a r t i a l l y  a c c o u n t e d  f o r  i n  t h i s  p a r t i c u l a r  
o r c h a r d  b y  a  m o r e  s e v e r e  i n f e c t i o n  o f  t h e  d i s e a s e  i n  t h e  p a r t  o f  
t h e  o r c h a r d  w h e r e  t h e  u n t r e a t e d  p l a t s  w e r e  l o c a t e d .  I n d e e d ,  i n  
a l l  t h e  o t h e r  o r c h a r d s  d u r i n g  t h e  y e a r s  1 9 0 3 ,  1 9 0 4  a n d  1 9 0 5  t h e  
c h e c k  p l a t . s  w e r e  g i v e n  t h e  t h r e e  e a r l y  t r e a t m e n t s  f o r  a p p l e  s c a b  
a n d  c o d l i n g  m o t h  t h e  s a m e  a s  t h e  t r e a t e d  p l a t s ;  a n d  i t  i s  c e r t a i n l y  
u n s a f e  t o  d e p e n d  i n  a n y  d e g r e e  o n  t h e  e a r l y  s p r a y i n g  a s  a  m e a n s  
o f  c o n t r o l l i n g  b i t t e r  r o t .  
S p r a y i n g  a f t e r  t h e  e a r l y  t r e a t m e n t s  f o r  a p p l e  s c a b  a n d  c o d ­
l i n g  m o t h  a n d  b e f o r e  t h e  a p p e a r a n c e  o f  t h e  d i s e a s e  p r o v e d  t h e  
m o s t  e f f i c a c i o u s  t i m e  o f  a p p l i c a t i o n .  I n  e v e r y  i n s t a n c e  w h e r e  a  
r e a s o n a b l e  n u m b e r  o f  a p p l i c a t i o n s  w e r e  g i v e n  a t  t h i s  t i m e  t h e  
a m o u n t  o f  b i t t e r  r o t  w a s  e i t h e r  c o m p a r a t i v e l y  o r  a c t u a l l y  s m a l l ,  
a n d  i n  e v e r y  i n s t a n c e  e x c e p t  o n e  o r  t w o  i t  w a s  b o t h  a c t u a l l y  a n d  
c o m p a r a t i v e l y  s m a l l  i n  a m o u n t .  T h e  m o r e  c o m p l e t e  t h e  g e n e r a l  
i n f e c t i o n ,  t h e  m o r e  c l e a r l y  d e f i n e d  w a s  t h e  e f f e c t  o f  s p r a y i n g  a t  
t h i s  t i m e  i n  r e d u c i n g  t h e  a m o u n t  o f  r o t .  
O f  t h e  s e v e r a l  v a r i a t i o n s  o f  t h e  t r e a t m e n t  j u s t  r e f e r r e d  t o  
t h o s e  a p p l i c a t i o n s  w e r e  m o s t  e f f i c i e n t  w h i c h  w e r e  a p p l i e d  s h o r t l y  
b e f o r e  t h e  a p p e a r a n c e  o f  t h e  r o t .  I n  1 9 0 2  t h e  m o s t  s u c c e s s f u l  
t r e a t m e n t  w a s  o n e  i n  w h i c h  a  p l a t  w a s  t r e a t e d  f i v e  t i m e s  b e f o r e  
t h e  a p p e a r a n c e  o f  b i t t e r  r o t ,  t h e  l a s t  s p r a y i n g  b e i n g  m a d e  o n  J u l y  
2 n d ,  s i x  d a y s  b e f o r e  b i t t e r  r o t  a p p e a r e d .  
T h i s  p l a t  w a s  a l s o  s p r a y e d  o n c e  a f t e r  t h e  d i s c o v e r y  o f  t h e  d i s ­
e a s e ,  b u t  a s  o t h e r  p l a t s  s p r a y e d  e v e n  s e v e r a l  t i m e s  a f t e r  t h e  a p ­
p e a r a n c e  o f  t h e  f u n g u s  s h o w e d  c o m p a r a t i v e l y  l i t t l e  b e n e f i t  f r o m  
t h e  t r e a t m e n t ,  i t  m a y  b e  c o n c l u d e d  t h a t  t h e  h i g h  d e g r e e  o f  p r o ­
t e c t i o n  e v i d e n c e d  b y  t h i s  p l a t  i s  n o t  t o  b e  a t t r i b u t e d  t o  t h e  l a t e r  
s p r a y i n g .  I n  t h e  o r c h a r d  o f  M r .  H .  E .  A l l e n  a t  C a r b o n d a l e ,  
w . h e r e  t h e  b e s t  r e s u l t s  w e r e  o b t a i n e d  i n  1 9 0 3 ,  t h e  h i g h e s t  d e g r e e  
o f  p r o t e c t i o n  w a s  a f f o r d e d  b y  p l a t s  s p r a y e d  t w i c e  b e f o r e  t h e  a p - '  
p e a r a n c e  o f  t h e  d i s e a s e .  T h e  t r e a t m e n t s ,  w h i c h  w e r e  g i v e n  o n  
J u n e  2 6 t h  a n d  J u l y  1 s t ,  w e r e  a p p a r e n t l y  t o o  e a r l y  t o  g i v e  t h e  b e s t  
r e s u l t s ,  f o r  b i t t e r  r o t  d i d  n o t  a p p e a r  u n t i l  A u g u s t  5 t h ,  s i x  w e e k s  
l a t e r ,  a n d  i n s t e a d  o f  s a v i n g  o v e r  9 0 %  o f  t h e  f r u i t  l i a b l e  t o  i n f e c ­
t i o n ,  t h e r e  w a s  a  s a v i n g  o f  ~:mly 4 9 . 3 9  %  i n  t h e  c a s e  o f  B e n  D a v i s ,  
6 9 . 4 4 %  i n  t h e  W i n e s a p ,  a n d  6 0 . 7 1  %  i n  t h e  J o n a t h a n .  I n  1 9 0 4  t h e  
m o s t  c o n c l u s i v e  r e s u l t s  w e r e  o b t a i n e d  i n  a n  o r c h a r d  a t  K e l l .  
H e r e  t h r e e  d i f f e r e n t  t r e a t m e n t s  w e r e  g i v e n  d u r i n g  t h e  t w o  m o n t h s  
p r e c e e d i n g  t h e  f i r s t  a p p e a r a n c e  o f  b i t t e r  r o t  a n d  a l l  w e r e  r e m a r k ­
a b l y  s u c c e s s f u l  i n  c o n t r o l l i n g  t h e  d i s e a s e .  T h e  l a s t  s p r a y i n g  i n  
e a c h ,  h o w e v e r ,  w a s  g i v e n  b u t  a  s h o r t  t i m e  f r o m  t h e  d a t e  w h e n  
7 

the first infection was discovered, July 22nd. Plat IV, as it was 
designated in the series, was sprayed twice before the appearance 
of the disease on July 9th and 19th and once afterwards on July 29th 
and it afforded a slightly less perfect protection than the treat­
ments given Plats VI and VII in which all the sprayings were 
given previous to the first discovery of the fungus. Plat V, which 
was sprayed on May 30th, June 8th, 20th, 29th, and July 9th evi­
denced the most complete control of the three, protecting 98.20 % 
of the fruit liable to attack by the disease. Plat VI, sprayed at 
weekly intervals during June protected 95.42 % of the fruit liable 
to infection and stood second in effectiv~ness. It must be noted, 
however, that this plat received four sprayings and ·Plat V, five 
sprayings, as compared with only three sprayings for Plat IV, 
one of which was after the appearance of the rot; and yet the con­
trol in Plat IV amounted to 94.59 %, showing an efficjency almost 
equal to that of the more elaborately but earlier treated plats. It 
seems very likely indeed that had the third treatment been given 
just before the infection occurred the protection would have been 
as great in this plat as in the others. At any rate it indicates 
that the most effective sprayings are those which are applied 
most shortly before the first infection of bitter rot appears. In 
1905 in both the Flora and the Clay City orchards the greatest 
protection was afforded by three applications of Bordeaux mix­
ture at intervals of ten days during July. Bitter rot appeared in 
the former orchard on July 25th and the third spraying occurred 
on that date, thus bringing these sprayings immediately up to 
the time of the first infection. The disease appeared in the orch­
ard at Clay City on July 21st, so that the third spraying was giv­
en shortly after the first infection. 
Spraying with Bordeaux mixture so as to coat the fruit 
thoroughly as soon as the first infection of bitter rot appeat'ed, 
while not so successful or reliable a treatment as spraying at 
intervals of a week to ten days just previous to the first infection, 
had considerable effect in reducing the loss from bitter rot. 
This treatment was first given in 1904, and in the Kell orchard, 
where it proved most successful that year, it effected a saving of 
72.01 % over the check plats as compared with a saving of 94.59 % 
effected in a plat spr,ayed twice previous to the first infection 
and once immediately after the infection. In the Flora orchard 
in 1905 this treatment resulted in a saving of 71.63 % as compared 
with a saving of 92.14 % in the most successful plat. During the 
same season another plat similarls treated in the orchard at Clay 
Oity showed a saving of 75.19 % compared with a saying of 
t ;  
9 0 . 0 5 %  i n  t h e  m o s t  s u c c e s s f u l  p l a t .  T h i s  t r e a t m e n t  m a y ,  t h e r e ­
f o r e ,  b e  s t r o n g l y  r e c o m m e n d e d  t o  t h o s e  f r u i t  g r o w e r s  w h o  f i n d  
t h e i r  o r c h a r d s  u n e x p e c t e d l y  a t t a c k e d  b y  t h e  d i s e a s e  a n d  w h o  
h a v e  n e g l e c t e d  t o  g i v e  t h e  e a r l i e r  s p r a y i n g s  a s  a  m a t t e r  o f  p r e ­
c a u t i o n .  S p e c i a l  a t t e n t i o n  m u s t  b e  d i r e c t e d ,  h o w e v e r ,  t o  t h e  f a c t  
t h a t  t h i s  t r e a t m e n t  w a s  a l w a y s  g i v e n  i n  t h e  e x p e r i m e n t s  o n  t h e  
v e r y  d a y  w h e n  t h e  f i r s t  i n f e c t e d  a p p l e  w a s  d i s c o v e r e d  a n d  n o t  
w h e n  d i s e a s e d  f r u i t  h a d  b e c o m e  p l e n t i f u l  a n d  t h e  r o t  t h o r o u g h l y  
e R t a b l i s h e d .  M o r e o v e r  t o  c o a t  t h e  f r u i t  t h o r o u g h l y  w i t h  s p r a y  
i t  i s  n e c c e s s a r y  t o  m a k e  t h r e e  a p p l i c a t i o n s ,  t h e  s e c o n d  a p p l i c a t i o n  
b e i n g  m a d e  a f t e r  t h e  f i r s t  h a s  d r i e d  a n d  t h e  t h i r d  a f t e r  t h e  s e c o n d  
h a s  d r i e d .  
S p r a y i n g  a f t e r  b i t t e r  r o t  h a d  b e c o m e  t h o r o u g h l y  e s t a b l i s h e d  
g a v e  v a r y i n g  r e s u l t s  a n d  p r o v e d  u n r e l i a b l e  a s  a  p r e v e n t i v e  o f  
t h e  d i s e a s e .  I n  1 9 0 2  a  n u m b e r  o f  p l a t s  w e r e  s p r a y e d  a f t e r  t h e  
d i s e a s e  w a s  f u l l y  e s t a b l i s h e d .  A  p l a t  i n  t h e  T a m a r o a  o r c h a r d  
s p r a y e d  f i v e  t i m e s  a f t e r  t h e  d i s e a s e  w a s  f u l l y  e s t a b l i s h e d  g a v e  a  
s a v i n g  o f  o n l y  2 9 . 5 9 %  o v e r  a  c h e c k  p l a t ;  a n d  a  p l a t  s p r a y e d  
t h r e e  t i m e s  s h o w e d  a  s a v i n g  o f  1 2 . 5 2 % .  T w o  p l a t s  i n  t h e  F l o r a  
o r c h a r d  s p r a y e d  f i v e  t i m e  a f t e r  t h e  a p p e a r a n c e  o f  t h e  d i s e a s e  
s h o w e d  a  s a v i n g  o f  2 8 . 1 3 %  a s  a  r e s u l t  o f  t h i s  t r e a t m e n t .  I n  1 9 0 3  
i n  t h e  o n l y  o r c h a r d  w h i c h  a f f o r d e d  d e f i n i t e  d a t a ,  t h a t  o f  M r .  H .  
E .  A l l e n  a t  C ) a r b o n d a l e ,  J o n a t h a n s  a n d  B e n  D a v i s  s p r a y e d  a f t e r  
t h e  a p p e a r a n c e  o f  t h e  d i s e a s e  g a v e  a  h i g h e r  p e r c e n t a g e  o f  b i t t e r  
r o t  t h a n  t h e  c h e c k  t r e e s .  I n  1 9 0 4  i n  t h e  K e l l  o r c h a r d  t h e  l a t e  
s p r a y i n g s  p r o v e d  m o r e  s u c c e s s f u l  i n  c o n t r o l l i n g  t h e  f u n g u s  t h a n  
i n  t h e  p r e c e e d i n g  s e a s o n s  s a v i n g  a s  m u c h  a s  8 1 . 9 1  % o f  t h e  f r u i t  
l i a b l e  t o  i n f e c t i o n .  T h e  b e s t  p l a t  i n  t h i s  s e r i e s ,  h o w e v e r ,  s h o w e d  
a  s a v i n g  o f  9 8 . 2 0 %  o r  1 6 . 2 9 %  m o r e  t h a n  t h e  l a t e  s p r a y e d  p l a t .  
T h e s e  r e s u l t s  i n d i c a t e ,  t h e r e f o r e ,  t h a t  s p r a y i n g  a f t e r  b i t t e r  r o t  
h a s  b e c o m e  t h o r o u g h l y  e s t a b l i s h e d  i s  a  t r e a t m e n t  t o  b e  a p p l i e d  
o n l y  a s  a  d e s p e r a t e  e x p e d i e n t  i n  c a s e s  w h e r e  c a r e l e s s n e s s  o r  
f o r c e  o f  c i r c u m s t a n c e s  h a v e  p r e v e n t e d  e a r l i e r  t r e a t m e n t s ,  a n d  
n o t  a s  a  c e r t a i n  o r  i n f a l l i b l e  r e m e d y .  
I s  T R E A T M E N T  O F  T H E  D O R M A N T  T R E E S  W I T H  O R E G O N  W A S H  A N D  
C O P P E R  S  U L P H A T E  S O L U T I O N S  O F  A N Y  A S S I S T A N C E  I N  
C O M B A T I N G  T H E  D I S E A S E ?  
S i n c e  t h e  b i t t e r  r o t  f u n g u s  p a s s e s  t h e  w i n t e r  i n  c a n k e r s  o n  
t h e  b r a n c h e s  o f  t h e  t r e e s  a n d  i n  t h e  m u m m i e d  a p p l e s  w h i c h  s o m e ­
t i m e s  h a n g  u p o n  t h e  l i m b s  f r o m  o n e  s e a s o n  t o  t h e  n e x t ,  i t  w a s  
t h o u g h t  t h a t  t r e a t m e n t  o f  t h e  d o r m a n t  w o o d  m i g h t  d e s t r o y  t h e  
f u n g u s  i n  t h i s  s t a g e  a n d  p r e v e n t  f r e s h  i n f e c t i o n  t h e  f o l l o w i n g  
9 
summer. In 1903 plats were sprayed in the orchards at Olney 
and at Tamaroa with a pure solution of copper sulphate, one 
pound to fifty gallons of water, one plat in each orchard in the 
fall and one plat in each in the spring, while the trees were dor­
mant. There was as much rot in these plats as in the check plats, 
but as very little rot developed in any of the plats the results 
were inconclusive. In 1904 two plats in the Kell orchard, one 
treated with Oregon Wash and one treated with copper sUlphate 
solution, showed even more rot than the check plats, 25.17% and 
28.81 % respectively of the entire crop being affected, as com­
pared with 21.50% in the check plats. The average results for 
all the orchards treated in 1904 show that there was a slightly 
greater loss of fruit from bitter rot in the plats where the dor­
mant wood was treated than in the check plats, amounting in the 
case of Oregon Wash to 10.93% of the entire crop, and in case of 
the copper sulphate solution to 12.44% as compared with 10.52% 
for the check plats. These results are sufficiently decisive to 
warrant the conclusion that spraying the dormant wood is entire­
ly ineffective in controlling bitter rot. 
Is SALT APPLIED TO THE GROUND UNDER THE TREES A PRACTICAL 
OR EFFICIENT MEANS OF CONTROLLING BITTER ROT? 
The statement having appeared in some quarters that ap­
plications of salt to the ground under the trees had helped to 
control bitter rot, plats were reserved in the orchards at Flora 
and Clay City in 1905 for the purpose of testing the usefulness 
of this treatment. Twenty-five pounds of salt were spread upon 
the soil under each tree in the two plats. In the Flora orchard 
the plat thus treated showed an infection amounting to 18.] 7 % of 
the crop, or 3.54% more than the average of the check plats. 
In the Clay City orchard the plat treated with salt was infected 
to the extent of 6.07% or about 4% less than the corresponding 
cheek plats. While these results vary somewhat the infections 
do not in either case deviate widely from those of the check 
plats, and the differences are undoubtedly due to fluctuations in 
the amount of the original infection rather than to differences in 
the action of the salt in controlling the disease on the two plats. 
Considering, therefore, that the treatment so evidently failed in 
the Flora orchard and showed so small a difference in the Clay 
City orchard as to be accounted for by the factor of difference in 
infection, it is concluded that applications of salt to the ground 
under the trees are useless as preventives of bitter rot. 
1 0  
C O N C L U S I O N S  
I n  t h e  b u l l e t i n  o n  b i t t e r  r o t  a l r e a d y  r e f e r r e d  t o  t h e  f o l l o w i n g  
c o n c l u s i o n s  a r e  r e a c h e d  b a s e d  o n  t h e  d a t a  o b t a i n e d  f r o m  t h e  v a r i ­
o u s  e x p e r i m e n t s  o n  t h e  c o n t r o l  o f  t h e  d i s e a s e .  
1 .  B o r d e a u x  m i x t u r e  p r o p e r l y  m a d e  a n d  a p p l i e d  w i l l  s a v e  
o v e r  9 0 %  o f  t h e  f r u i t  l i a b l e  t o  a t t a c k  b y  b i t t e r  r o t .  
2 .  F r u i t  s p r a y e d  i n  s u c h  a  m a n n e r  a s  t o  b e  t h o r o u g h l y  
c o a t e d  w i t h  B o r d e a u x  m i x t u r e  w h e n  t h e  f i r s t  i n f e c t i o n  o f  t h e  d i s ­
e a s e  a p p e a r s  w i l l  b e  i n j u r e d  l e a s t  b y  b i t t e r - r o t .  
3 .  S p r a y i n g  w i t h  B o r d e a u x  m i x t u r e  u n t i l  t h e  f r u i t  i s  c o m ­
p l e t e l y  c o a t e d  a s  s o o n  a s  t h e  f i r s t  i n f e c t i o n  o f  b i t t e r  r o t  i s  d i s ­
c o v e r e d  i s  o f  c o n s i d e r a b l e  v a l u e  b u t  i s  m u c h  l e s s  e f f e c t i v e  t h a n  
t r e a t m e n t  m e n t i o n e d  i n  N o . 2 .  
4 .  S p r a y i n g  w i t h  B o r d e a u x  m i x t u r e  _ u n t i l  t h e  f r u i t  i s  t h o r ­
o u g h l y  c o a t e d  a f t e r  b i t t e r  r o t  h a s  b e c o m e  w e l l  e s t a b l i s h e d  m a y  
c o n t r o l  t h e  d i s e a s e  t o  a  c o n s i d e r a b l e  e x t e n t  i n  s o m e  s e a s o n s .  I n  
o t h e r  s e a s o n s  i t s  e f f e c t  a s  a  r e m e d y  i s  v e r y  s l i g h t .  
5 .  B o r d e a u x  m i x t u r e  a p p l i e d  i n  t h e  l i q u i d  f o r m  a n d  m a d e  u p  
a c c o r d i n g  t o  t h e  4  - 4  - 5 0  f o r m u l a  i s  t h e  m o s t  e f f e c t i v e  s p r a y ­
i n g  m a t e r i a l  f o r  t h e  c o n t r o l  o f  a p p l e  b i t t e r  r o t .  
6 .  D u s t  s p r a y  i s  a b s o l u t e l y  i n e f f e c t i v e  i n  p r e v e n t i n g  b i t t e r  
r o t .  
7 .  P u r e  s o l u t i o n s  o f  c o p p e r  s u l p h a t e  f a i l e d  t o  c h e c k  t h e  d i s ­
e a s e  a n d  c a u s e d  i n j u r y  t o  t h e  f o l i a g e .  
8 .  T o  c o a t  t h e  f r u i t  t h o r o u g h l y  w i t h  t h e  m i x t u r e  i t  i s  n e c ­
e s s a r y  t o  m a k e  a t  l e a s t  t h r e e  a p p l i c a t i o n s  o f  t h e  s p r a y  m a t e r i a l .  
9 .  A p p l i c a t i o n s  o f  t w e n t y - f i v e  p o u n d s  o f  s a l t  t o  t h e  g r o u n d  
a b o u t  a  t r e e  h a v e  n o  v a l u e  i n  c h e c k i n g  t h e  d i s e a s e .  
1 0 .  T h e  c o n d i t i o n s  m o s t  f a v o r a b l e  f o r  t h e  d e v e l o p m e n t  o f  
b i t t e r  r o t  a r e  ( 1 )  a  p e r i o d  o f  h o t  w e a t h e r  a c c o m p a n i e d  b y  f r e ­
q u e n t  r a i n s  a n d  h e a v y  d e w s  a t  a  p e r i o d  w h e n  t h e  a p p l e  c r o p  i s  
a p p r o a c h i n g  m a t u r i t y ,  i .  e . ,  f r o m  t h e  s e c o n d  w e e k  i n  J U l y  t o  t h e  
e n d  o f  A u g u s t ;  ( 2 )  n u m e r o u s  s o u r c e s  o f  i n f e c t i o n ,  i .  e . ,  c a n k e r s  
o n  t h e  l i m b s  a n d  m u m m i e d  f r u i t s  l e f t  h a n g i n g  u p o n  t h e  t r e e s .  
R E C O M M E N D A T I O N S  F O R  T H E  T R E A T M E N T  O F  B I T T E R  R O T  
1 .  I n  a d d i t i o n  t o  t h e  t h r e e  e a r l y  s p r a y i n g s  f o r  a p p l e  s c a b  
a n d  c o d l i n g  m o t h  m a k e  a p p l i c a t i o n s  o f  B o r d e a u x  m i x t u r e  a t  i n t e r ­
v a l s  o f  t e n  d a y s  c o m m e n c i n g  t h e  t h i r d  w e e k  i n  J u n e ,  m a k i n g  t h e  
f i n a l  a p p l i c a t i o n  o n  t h e  d a t e  o f  t h e  f i r s t  d i s c o v e r y  o f  b i t t e r  r o t .  
I n  c a s e  b i t t e r  r o t  f a i l s  t o  a p p e a r  b e f o r e  t h e  f i r s t  o f  A u g u s t ,  t h e  
a p p l i c a t i o n s  s h o u l d  b e  c o n t i n u e d  u p  t o  t h e  e n d  o f  J u l y ,  m a k i n g  
i n  a l l  f o u r  t o  f i v e  a p p l i c a t i o n s .  I n  m o s t  s e a s o n s  t h r e e  s p r a y i n g s  
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with standard Bordeaux mixture, one applied the last week in 
June and the two following at intervals of ten days, are sufficient 
.to control the disease, but on account of the irregularity in the 
time of infection in different seasons, this practice is not wholly 
safe and the extra treatments are recomr.aended as a wise pre­
caution. 
2. In case the precautionary sprayings above recommended 
are not given, the most thorough sprayings to coat the fruitcom­
pletely with Bordeaux mixture should be made immediately upon 
the first discovery of an infected apple. Failure to spray prompt­
ly at this time will result in a season favorable to the develop­
. ment of the disease, in almost complete destruction of the crop. 
3. Mummied apples which remain upon the trees after the 
leaves have dropped in the fall should be picked off and destroyed 
in order to do away with this source of infection during the fol­
lowing summer. 
4. Bitter rot cankers upon the branches of the trees, a second 
source of infection, should be cut off and burned, the linib being 
cut a few inches below the cankered spot. Care should be taken 
not to cause fresh bruises in the bark of other branches while 
this operation is being performed and the pruning tools should not 
be allowed to touch the cankers for fear of carrying the infection 
to the freshly cut surfaces below the diseased bark. 
WILL IT PAY TO SPRAY FOR BITTER ROT? 
Whether or not it will pay to make four or five applications 
of Bordeaux mixture as a preventive of bitter rot will depend 
somewhat upon circumstances. Certainly in many seasons it does 
not pay to do so, but unfortunately it is impossible to foretell the 
particular seasons in which spraying will not pay until too late to 
be.of any use in deciding whether to spray or not. The orchard­
ist who is located in the district liable to attack by bitter rot, or 
who has already experienced loss through the ravages of the dis­
ease, will spray as a matter of insurance. rrhen, if the disease 
attacks him, he is prepared for it and congratulates himself that 
he did not accept the advice of his neighbor who advised him · 
against spraying because he did not believe bitter rot would appear 
in that particular season. If the disease does not appear, all well 
and good; .both men may rejoice in a crop, but the cost to the man 
who sprayed will not have been great and he will pay it as cheer­
fully as he pays the premium for fire insurance upon his house. 
The cost of making and applying Bordeaux mixture varies 
with the conveniences for preparation and the apparatus for spray­
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ing rather than with the cost of the materials. Fifty gallons of
Bordeaux mixture will cost for the materials as follows:
4 pounds copper sulphate at 8e. .......... . ........... . ... 32c
4 pounds lime at t e .............................. _____ _.... 2t c 

3Hc
or -to of a cent per gallon. The cost of applying the mixture with
various kinds of spraying outfits, including labor, teaming and allincidentals has been worked out recently by the Nebraska Ex­periment Station, and it was found that for barrel outfits the cost
of applying was 1.4 cent to 1. 5 cent per gallon; for geared powerpUllps the cost was. 6 cents to .8 cents per ga.llon and for a gasolinepower pump it was .6c per gallon. * 'Based upon these figures the
total cost per gallon would be for
a- barrel outfits- 2.1c to 2.2c per gallon.
b-geared power outfits-1.3c to 1.5c per gallon.
e- gasoline power outfits- 1.3e per gallon.
The amount of Bordeaux mixture.requirp.d for each tree withits cost is as follows:
For trees 10 to 12 years old- 1 to It gallons.
For trees 12 to 15 years old-It to 2 gallons.
For trees 15 to 20 years old- 2t gallons.
For trees 20 to 25 years old- 3 gallons.
Four applications would therefore, require from 4 to 12 gal­lons of the mixture costing from a minimum of 8.4 cents to a
maximum of 26.4 cents per tree, according to age, for barrel out­fits; 5.2 cents to 18 cents per tree according to age, for gearedpower outfits; and 5.2 cents to 15.6 cents per tree according to
age, for gasoline outfits.
As most of the orchards in southern Illinois run somwhere in
the neighborhood of twenty years old, the cost would be per tree,
using 2t gallons per application, 21 cents to 22 cents for barrel
outfits, 13 cents to 15 cents for geared power outfits, and 13 centsfor gasoline power outfits. Presupposing an infection of 50 % of
the fruit in the orchard and a probable saving of 90 % of the fruitliable to attack, with a crop of six bushels per tree-which wouldbe very moderate indeed for a twenty year old tree- the spraying
would save 2.7 bushels per tree, which valued at 50 cents perbushel, equals a total saving of $1.35 per tree, or a saving over the
cost of spraying of from $1.13 to $1. 22 according to the method
of application. If the infection were only 10% of the crop there
would still be a total saving of .54 bushels or 27 cents per tree, or
more than sufficient to bear the cost of the spraying. 
*"Spraying Demons trations' in Nebraska Apple Orchards ." R . A. Emer son, Nebr askaExperiment S tation, Bulle tin No. 98, pp. 7- 12. 
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Oonsidering the small crop taken in this calculation, the 
moderate infection allowed, and the low price of the fruit, these 
figures, it is believed, show conclusively that spraying for bitter 
rot in accordance with the recommendations in this circular in 
seasons when there is a fair prospect for an apple crop, will pay 
good returns in those districts liable to attack by bitter rot, par­
ticularly in Southern Illinois. 
